This paper describes a genetic system for a group of fluorescent pseudomonads that oxidize an exceptionally wide variety of substrates. We have directed our studies of the versatility of these organisms to the question of specificity and to the mechanism of oxygen reduction. These studies have identified a number of multimeric monoxygenases. Optimum progress in resolution of these problems is dependent on genetic, in addition to chemical, study of their regulation and cellular organization. Our chemical studies can now be enhanced by concomitant use of genetic analyses. ' Although there was no evidence of genetic interaction among strains of Pseudomonas putida, and little of bacteriophages parasitic upon members of the group, we considered transduction a likely enough method of gene transfer to merit investigation. The data reported below concern interstrain gene transfer in Pseudomonas putida via a transducing phage, pf16, whose characteristics are reported elsewhere.2 Prior to this work, a genetic system had been found in Pseudomonas aeruginosa,3 a species which contains a homogenous group of strains frequently associated with mammalian infection and which has not proved readily adaptable to metabolic studies.
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Two colony variants, opaque (op) and translucent (tr), which differ in ability to adsorb bacteriophages, occur in the camphor-oxidizing strain C1.4 2 The translucent variant of strain A3.12, employed by Stanier and his colleagues,5' 6 serves as both donor and recipient in interstrain gene transfer with a host-range mutant of pf16; this adsorption type differs from C1 and is designated A3tr.
Materials and Methods.-Organisms: The two bacterial strains employed were characterized as Pseudomonas putida, biotype A, by Stanier et al.7 Strain C1 was isolated by (+)-camphor enrichment by Bradshaw4 and A3.12 on lactate by Stanier.7 The former has been used in our studies of oxygenases and biological specificity,4 8 the latter by Stanier in studies of enzyme induction and oxidation of aromatic acids.9, 10 Strain C1 has several colony types of which op (ATCC 17,453) and tr (ATCC 23,287), which differ in phage adsorption properties, concern us here. Strain A3.12, colony type A3tr (ATCC 12,633), resembles Cl-tr but differs in phage-adsorption pattern; in transduction it serves as both donor and recipient with phage pf16 host-range mutant h2.
Mutants of these bacterial strains, prepared spontaneously (S) by UV irradiation (UV) and by nitrosoguanidine (NG) treatment, are listed in Table 1 16. or Fpa to ensure selection of resistant mutants. Doubly resistant mutants were obtained from Fpa-resistant mutants linked to the tryptophan gene cluster (trpABD) by streaking on VB Str agar and selecting clones which were restreaked on VB agar and then on VB containing 1 mg each Fpa and Str.
Phages: Pseudomonas putida, strain C1, was used as host for isolation of phage from sewage. From about 25 phages,2 only pf16, isolated on the opaque (op) colony type, has yielded a reproducible generalized transducing capacity as indicated by its ability to transduce a variety of unlinked markers such as his, ilv, met, and trp.I At 5 X 108 cells/mI, phage pf16 is adsorbed by op cells at greater than 90% in 10 min at 300 but only poorly by the tr-type cells of C1 or A3. Transduction in these strains is accomplished by two host-range mutants, pfl6hl and pfl6h2. The Cl tr cells absorb pfl6hl less than 50% in 30 min at 300 with shaking. The op-type cells can serve as recipient for these mutant phages, adsorbing them almost as well as pf16, with cotransduction frequencies comparable to C1 tr, but without plaque formation.
Media: The composition of all media used is detailed elsewhere.2 Transduction: Detailed conditions for transduction with the three cell types using phage pf16 and its host-range mutants are tabulated in Table 2 ; transduction frequencies are shown in Figure 1A and B. For phage propagation, the double-layer technique of The data in Table 3 indicate three linkage groups for the six known genes cod- ing for the proteins functional in tryptophan biosynthesis. Cotransduction frequencies for the A, B, and D loci indicate close linkage. The frequencies are comparable to those reported in E. coli,"5 where the loci are clustered in one segment of the chromosome. The two genes coding for tryptophan synthase A and B subunits are also closely linked; locus C does not cotransduce with any of the other five loci.
The chromosome of Pseudomonas aeruginosa has been shown by Fargie and Holloway3 to contain trp loci that are not cotransduced. One of these, the gene coding for phosphoribosyl transferase, may be linked to resistance markers for streptomycin or p-fluorophenylalanine. To determine if a similar chromosomal arrangement is present in P. putida, linkage relationships between several fpa and str mutants and the trpABD were examined. These data are shown in Figure 2 , as carbon source. Further, the Fpa markers known to be cotransduction with the tryptophan gene cluster (trpABD) show a low but definite cotransduction frequency of 8-9 per cent to cam-2 and a lower but significant one to cam-1 ( Table  5) . One of the Fpa markers which does not cotransduce with trpABD does not show linkage to either of the two cam markers. Fig. 3 , thus does not grow on (+)-camphor, but grows on the 5-exo-alcohol (II), diketone (III), and cyclopentenoic acid (V).
t Cam-S does not grow on any of the above compounds but does grow on the ultimate products isobutyrate and acetate, thus lacks late enzyme(s).
Interstrain transfer of genesfor mandelate oxidation: Pseudomonas putida strain A3.12 (stock PRS1) oxidizes mandelate, benzoate, and p-hydroxybenzoate.5' 6
The regulation, especially of the f3-ketoadipate pathway, has also been elucidated. 9' 10 The host-range phage mutant h2 permitted us to examine the linkage patterns of these aromatic pathways and to attempt interstrain gene transfer between A3.12 and the camphor-degrading strain C1. Ornston'0 demonstrated that Cltr (PUG2, Table 1 ) lacks one enzyme in the p-hydroxybenzoate pathway, i.e., 1-carboxy-cis-cis-muconic acid-lactonizing enzyme (CMLE), which converts muconate to y-carboxymuconolactone (see Fig. 3 ). Strain PUG2 also will not grow on D-or L-mandelate nor on benzoyl formate, but does grow on benzoate. Phage pfl6h2 grown on PRS1 was used to transfer these genes to PUG2, with selection on either DL-mandelate or on p-hydroxybenzoate (Table 6 ). Transductants were obtained in each case, none of which grew when tested on the substrate for the nonselected marker. Thus in strain PRS1, the genes for the PUG2 was found to lack all four activities and the cross PRS1 X PUG2 to cotransfer all four. Not on]y are the mandelate enzymes absent from fully induced PUG2 cells, but also CRM was not detected with antibodies directed against two of the enzymes purified from PRS1.8 1 A mutant of PRS1, lacking the mandelate dehydrogenase function (PRS3, mdlB1002) when crossed with PUG2 and transductants selected on benzoyl formate, gave cells containing the three other enzymes of the mandelate cluster (Table 7 , columns 4 and 5). Thus we deduce that a rather large DNA fragment containing at least four genes functional in conversion of mandelate and benzoate is transferred from PRS1 -PUG2 in transduction. The linkage of mandelate genes and nonlinkage to the CMLE gene correlates with the finding of the separate regulatory control. 10 Nearly all the transductants from the cross PRS1 X PUG2 are inducible for the mandelate enzymes. Whether the regulatory genes are cotransduced with the structural genes or are already present in PUG2 is still not clear. Detailed results concerning genetic mapping of the mandelate and (2ther aromatic pathways will be the subject of a future communication.
Precedence for cotransfer of as many as four genes is found in E. coli using phage P1. 19 In regulation, the Shigella Sh was shown to contain the i+ gene for inducibility of f3-galactosidase without carrying a functional lac gene.'0
Summary.-A generalized transducing phage has been obtained for the soil and water pseudomonads now classed as Pseudomonas putida, biotype A. For the tryptophan biosynthetic enzymes, preliminary genetic analysis has revealed three gene clusters corresponding to the regulatory groups we previously observed in this organism. Such organization is in contrast to the suggestion of scattered loci for Pseudomonas aeruginosa and a single operon observed in the enteric bacteria. Similarities in chromosomal organization of Pseudomonas putida and Pseudomonas aeruginosa have been observed for a limited number of loci. The bicyclic monoterpene oxidation system, a complex, specific, inducible pathway, has been shown to be susceptible to genetic analysis by transduction. Streptomycin and p-fluorophenylalanine resistance loci have been mapped adjacent to the trpABD cluster of the tryptophan biosynthetic pathway and the fpa marker found to be linked to two genes of the camphor pathway. Interstrain gene transfer of a coordinately induced set of four enzymes functioning in the degradation of mandelate has been achieved. These genes appear to be linked closely to form a cluster.
Of most general importance, these findings indicate that the large body of work on the chemistry and regulation of the complex inducible pathways of peripheral metabolism in the fluorescent pseudomonads may finally be subject to genetic analysis.
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